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(S^ Process for the preparation of cart>on monoxide and hydrogen. 



@ A process for the preparatfon of carbon monoxide and hydrogen by the partial oxidation of a 
hydrocart»n comprises contacting a feed comprising the hydrocartx>n, cart>on dk)xkje and an 
oxygen-conteiining gas with a catalyst comprising a metal selected from Group VIII of the Periodic Table 
of the Qements at a gas houriy space vek>city of at least 500.000 Nl/kg/hr. 
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The present invention relates to a process for the preparation of cartx)n nnonoxide and hydrogen by the 
partial oxidation of a hydrocartx>n feed, in particular of a hydrocart>on feed comprising cartx>n dioxide. 

The partial oxidation of hydrocarbons, for example niethane or natural gas, in the presence of a catalyst 
is an attractive route for the preparation of mixtures of carbon monoxide and hydrogen, known in the art as 
5 synthesis gas. The partial oxidation of a hydrocarbon Is a highly exothermic reaction and, in the case in which 
methane is the hydrocarbon, proceeds by the following reaction: 

2CH4 + O2 — > 2CO + 4H2 

Processes for the catalytic partial oxidation of hydrocart>ons, such as methane, are known and de8crit}ed 
in the art For example, DA. Hickman and L.D. Schmidt ("Synthesis Gas Fonnation by Direct Oxidation of Me- 
thane over Pt Monoliths". Journal of Catalysis 138. 1992. pages 267 to 282) have conducted experiments into 
the partial oxidation of methane in the presence of catalysts comprising either platinum or rhodium. The cat- 
alysts employed were in the form of a polycrystalline platinum foil or rhodium or platinum supported on a cer- 
amic foam canrier. The partial oxidation reactions were conducted at substantially atnrtospheric pressure, at 
temperatures in the range of from 600 to 1500 K (337 to 1237 °C) and using a range of gas flow rates. The 
experiments used a mixture consisting of methane and oxygen or air as the feed. The experinf>ents achieved 
a typical methane conversion of 80% with typical selecttvities to cart>on monoxide and hydrogen of 90% and 
50% respectively. 

Further. P.D.F. Vernon et al ("Partial Oxkjatk>n of Methane to Synthesis Gas. and Carbon Dioxide as an 
Oxidising Agent for Methane Conversk)n", Catalysts Today, 13 (1992) 417-426) describe the partial oxidatk>n 
^ of methane by oxygen to give synthesis gas using the transitk}n metals nickel, ruthenium, rhodium, palladium, 
platinum and iridium supported on inert oxides. 

Suitable feedstocks for use in the catalytic partial oxklation process, in addition to comprising hydrocart>ons 
such as methane, can also comprise carbon dioxide. Indeed, some natural gas reserves contain cart>on dioxide 
in significant quantities. Accordingly, there is a need for a comn^ercial process for the conversion of the afore- 
mentioned hydrocarbon feedstocks comprising carbon dtoxide into mixtures of carbon nfK)noxide and hydrogen. 

The reforming of hydrocartx}ns using cart>on dk}xide is a well known process. The process is endothermic 
which, in the case of the reforming of nr>ethane, proceeds by the following reaction: 

CH4 + CO2 > 2CO + 2H2 

3^ P.D.F. Vernon et al, In the aforementioned reference describe a range of experiments conducted to exam- 

ine the reforming of methane using carbon dioxide in the presence of a range of catalysts comprising nickeL 
palladium, ruthenium, rhodium and iridium supported on an alumina carrier. 

Finally, P.D.F. Vernon et al in the same reference propose combining the exothermic partial oxidation re- 
actk)n with the endothermk; carbon dk)xkle reforming reactton to give a thermo-neutral process. Experiments 

35 are described in which a catalyst comprising iridium supported on alumina was used to convert feed mixtures 
having a range of compositions. A high level of conversion of nr>ethane was achieved in the process, accom- 
panied by the formation of both carbon monoxide and hydrogen in reasonable yields. For feed mixtures con- 
taining cart)on dioxide In a concentration of greater than 20 %. a high level of carbon dioxide conversk)n was 
achieved. However, the data given in the reference indicate that at low concentrations of cartx}n dioxide in the 

40 feed mixture, only a very poor level of carbon dioxide conversion is obtainable. It was concluded that excellent 
yields of synthesis gas could be obtained if feeds containing methane, oxygen and carbon dioxide in approx- 
imately stoichk>metric amounts are used. No details of the reaction condltbns employed in the experiments 
are given. 

International patent application publicatnn No. 92/11199 (WO 92/11199) discloses a process for the con- 
45 version of a reactant gas mixture of carbon dk)xkle, oxygen and methane. The reactant gas is contacted with 
a catalyst at a temperature of from 600 to 1000 ''C to yield a mixture of carbon nK>noxlde and hydrogen. The 
catalyst is a solid having the general formula MxM'yOz or MxOz or M*yOz or M' on a suitable support. M in the 
formulae is at least one metal selected from lithium, sodium, potassium, rubidium, caesium, beryllium, mag- 
nesium, calcium, strontium, barium, boron, aluminium, scandium, yttrium, gallium, indium, thallium, bismuth, 
00 uranium, thorium, lead and the tanthanides. M' In the formulae Is at least one metal selected from titanium, 
vanadium, chromium, manganese, iron, cot>att, nickel, copper, zinc, gallium, germanium, yttrium, zirconium, 
niobium, nrK)lybdenum. ruthenium, rhodkjm, palladium, gotd, cadmium, indium, tin, hafnium, tantalum, tung- 
sten, rhenium, osmium, iridium, platinum, siker. mercury, tellurium, lead, bismuth, thallium and uranium. 
In WO 92/11199 It Is stated that a thenmally neutral reaction can be achieved when the ratio of carbon di- 
55 oxide to oxygen in the reactant gas is approximately 1 to 6. In a preferred embodiment, the process is operated 
with an excess of cart>on dioxide in the reactant gas. In this way, the fomr^ation of carbon is said to be sup- 
pressed, allowing the use of cheaper catalysts. Experiments are described in WO 92/11199 in whksh a range 
of catalysts were tested. The experiments were conducted at 0.1 MPa (1 bar) and at temperatures of up to 
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1 050 K (777 **C). Catalysts tested in the conversion of mixtures of methane, carbon dioxide and oxygen conrv 
prised iridium, paiiadium. ruthenium, rhodium and nickel as the active components. 

The experiments described in WO 92/11199 were all conducted at very low gas velocities, that is a gas 
hourly space velocity of from 1200 to 70000 hr\ Further, from the data presented in WO 92/11199, it is dear 

5 that whilst a high level of carbon dioxide conversion can be achieved with feed gas mixtures containing rela- 
tively large quantities of cartx>n dioxide, typically above 20%, only very low levels of conversion of carbon di- 
oxide are achieved when feeds comprising only a minor quantity of cartran dioxide are employed. In addition, 
data disclosed in WO 92/11199 indicate that the level of hydrocarbon conversion and selectivity to carbon mon- 
oxide and hydrogen achieved In the process decline as the space velocity of the gas flowing the catalyst is 

10 increased. 

To be suitable for application on a commercial scale, a process for the preparation of carbon monoxide 
and hydrogen from a feed comprising a hydrocartX)n and cartx)n dioxide must be able to achieve a high level 
of of carbon dioxide conversion. The process must be able to operate at a comnr>ercially acceptable rate of gas 
throughput Thus, it would seem from the data and information disclosed by P.D.F. Vernon et al and in WO 

IS 92/11199 that catalytic partial oxidation is nx>st unsuitable for application in the preparation of carbon nfK>noxide 
and hydrogen from feeds comprising hydrocarbons and carbon dioxide on a commercial scale. 

Surprisingly, contrary to the teaching of the prior art discussed hereinbefore, It has now been found that 
a feed comprising a mixture of a hydrocarbon, cart>on dioxide and an oxygen-containing gas can be converted 
into a mixture of cart>on nfK)noxide and hydrogen by the catalytic partial oxidation of the hydrocarbon in a high 

20 yield using very high gas hourly space velocities. Most surprisingly, it has been found that this process allows 
high levels of cart)on dtoxide conversion to be achieved when carbon dioxide is present in the feed In only minor 
quantities. 

Accordingly, the present invention provides a process for the preparation of carbon nnonoxide and hydro- 
gen by the partial oxidation of a hydrocart>on, which process comprises contacting a feed comprising the hy- 

25 drocart>on, carbon dioxide and an oxygen-containing gas with a catalyst comprising a metal selected from 
Group VIII of the Periodic Table of the Elements at a gas hourly space velocity of at least 500.000 Nl/kg/hr. 

It is a most surprising aspect of the present invention that the cart>on dioxide reforming reactions necessary 
to convert the carbon dioxide in the feed can be achieved in the very short time in which the feed contacts the 
catalyst at the very high space velocities prevailing In this process. The use of very high space velocities in 

30 the process of the present invention gives rise to a number of significant advantages. Firstly, it is possible to 
apply gas velocities which exceed the velocity of a flame propagating through the feed mixture. This reduces 
the risk of explosions occurring during the operation of the process due to ignition of the feed mixture and allows 
the various components of the feed to be mixed prior to being contacted with the catalyst Secondly, at such 
high gas space velocities, the time for which the feed contacts the catalyst is very low. This in turn reduces 

35 the risk that complete oxkjatk>n of the hydrocarbon in the feed occurs. Complete oxkJatk>n would yield carbon 
dk)xide, which would require reforming with the hydrocarbon in order to yield the desired carbon monoxide and 
hydrogen. Such reforming reactksns are endothenmic, as discussed above, and are preferably kept to a mini- 
mum. 

Thus, in contrast to the processes disclosed in the prior art, the process of the present inventbn is par- 
40 ticularly suitable for application on a commercial scale. 

The process of the present invention may be used to prepare a mixture of carbon monoxide and hydrogen 
from any gaseous hydrocartx)n or hydrocart>on feedstock having a kiw boiling point The process is particularly 
suitable for the partial oxidatk>n of methane, natural gas. associated gas or other sources of light hydrocarbons. 
In this respect, the term light hydrocarbons" is a reference to hydrocartx)ns having from 1 to 5 cartion atoms. 
45 The process may advantageously t>e applied in the conversion of gas from naturally occurring reserves of me- 
thane whk^h contain a substantial amount of carbon dioxide. 

In additk>n to the hydrocarbon, the feed comprises cart>on dk)xide. Preferably, carton dioxide is present 
in the feed in an anrwunt of up to 50% by volume. A higher concentration of carbon dioxide in the feed may be 
tolerated. However, the processing such higher concentrations suffers the disadvantage that, in order to ach- 
50 ieve higher levels of carbon dioxide conversion, a greater annount of heat is required. Preferably, carbon dksxkJe 
is present in the feed in an amount of no greater than 30% by volume. More preferably, the carbon dk)xkle 
content of the feed is 25% by volume, or below. Feeds comprising carbon dk>xide in a concentratbn of up to 
10% by volume are especially suitable for conversion by the process of this inventk}n. 

The feed comprises an oxygen-containing gas. Air is suitable for use as the oxygen-containing gas. How- 
55 ever, the use of substantially pure oxygen as the oxygen-containing gas may be preferred. I n this way, the need 
for handling a large volume of inert gas, for example nitrogen when using air as the oxygen-containing gas, is 
avoided. 

The feed may additionally comprise steam. 
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The feed to be converted in the process of this invention should contain the hydrocart)on, carbon dioxide 
and the oxygen-containing gas in sufficient amounts to give a suitable oxygen-to-cart)on ratio. For the pur- 
poses of this specif ication, the term "oxygen-to-carbon ratio" is a reference to the ratio of oxygen atoms present 
in the feed to carbon atoms present in the feed. The oxygen atoms relevant for determining the oxygen-to-car- 

5 bon ratio are present in the feed in the form of cart>on dioxide molecules and as oxygen molecules in the oxy- 
gen-containing gas. Carbon atonns will be present in the feed in the form of the hydrocarbon molecules and in 
the form of carbon dioxide molecules. Preferably, the feed comprises hydrocarbon, carbon dioxide and the oxy- 
gen-containing gas in concentrations sufficient to give an oxygervto-carbon ratio in the range of from 0.6 to 
1 .6, more preferably, in the range of from 0.9 to 1.5. More preferably the oxygen-to-carbon ratio is in the range 

10 of from 0.9 to 1 .4, with oxygen-to-carbon ratios in the region of the stoichiometric ratio of 1 .0, that is in a range 
of from 0.9 to 1.3, being especially preferred. 

In many applications, the carbon dioxide in the feed will accompany the hydrocarbon being processed. In 
such cases, the concentration of carbon dioxide in the feed to the process will be determined by the concen- 
tration of carbon dioxide in the hydrocartx)n source, for example natural gas from a gas reservoir or associated 

15 gas from an oil reservoir. The quantity of oxygen-containing gas to be employed in the feed to the process will 
thus be determined by the concentration of carbon dioxide present in the feed and the desired oxygen-to-oar- 
bon ratio. 

If steam is present in the feed, the steam-to-carbon ratio is preferably in the range of from above 0.0 to 
3.0. more preferably from 0.0 to 2.0. 

20 The hydrocarbon, carbon dioxide, oxygen-containing gas and steam, if present, are preferably well mixed 

prior to being contacted with the catalyst. As discussed hereinbefore, it is an advantage of the process of this 
invention that the aforementioned components of the feed may be mixed well upstream of the catalyst, without 
the risk of a flame or an explosion propagating upstream from the catalyst or other source of ignition. 

The process of the present invention may t>e operated at any suitable pressure. However, the process is 

25 preferably operated at elevated pressures, that Is pressures significantly above atmospheric pressure. The 
process may be operated at pressures in the range of up to 150 bara. More preferably, the process is operated 
at pressures in the range of from 2 to 125 bara, especially from 2 to 100 bara. 

The process may be operated at any suitable temperature. However, under the preferred conditions of high 
pressure prevailing in the process, the feed is preferably contacted with the catalyst at high temperatures in 

30 order to obtain the desired degree of conversion. Accordingly, the mixture of the hydrocartK}n, carbon dioxide 
and oxygen-containing gas are preferably contacted with the catalyst at a temperature greater than 800 ''C, 
more preferably a temperature in the range of from 900 to 1400 ""C, especially from 1000 to 1300 °C. The feed 
is preferably preheated prior to being contacted with the catalyst. 

The process of the present invention is operated with a gas hourly space velocity (expressed as normal 

35 litres of gas per kilogram of catalyst per hour) of at least 500.000 Nl/kg/hr. Preferably, the gas hourly space 
velocity is in the range of from 500,000 to 50,000,000 Nl/kg/hr, more preferably from 750,000 to 30,000.000 
Nl/kg/hr. especially fn^m 1,000,000 Nl/kg/hr to 20,000.000 Nl/kg^ir. 

The catalyst employed in the p>rocess of the present inventksn comprises a metal selected from Group VIII 
of the Periodic Table of the Elements. References in this specification to the Periodic Table of the Elements 

40 are to the CAS versk>n, as published in the CRC Handbook of Chemistry and Physics, 68th Edition. Prefenred 
catalysts for use in the process comprise a metal selected from ruthenium, rhodium, palladium, osmium, iridium 
and platinum. Catalysts comprising ruthenium, rhodium or iridium as the catalytcally active metal are espe- 
cially preferred for use in the process. 

The catalytically active metal is most suitable supported on a carrier. Suitable carrier materials are well 

45 known in the art and include the refractory oxides, such as silica, alumina, tttania, zirconia and mixtures thereof. 
The catalytically active metal may be deposited on the refractory oxide carrier by techniques well known in 
the art A most suitable technk|ue for depositing the metal on the carrier is impregnatk^n, which technique typ- 
ically comprises contacting the carrier material with a solution of a compound of the catalytically active metal, 
followed by drying and calcining the resulting material. 

50 Any suitable reactk}n regime may be applied in the process of the present invention in order to contact the 

reactants with the catalyst One suitable regime is a fluidised bed, in which the catalyst is employed in the form 
of particles fluidised by a stream of gas. A preferred reaction regime for use in the process is a fixed bed re- 
actk}n regime, which the catalyst is retained within a reactk)n zone in a fixed arrangen^ent Particles of catalyst 
may be employed in the fixed bed regime, retained using fixed bed reactkin techniques well known in the art. 

55 Alternatively, the catalyst may be in the form of a foam, prepared, for example, by the impregnation of a ceramic 
foam of the refractory oxide by the techniques described hereinbefore. Suitable foams for use in the preparatton 
of the catalyst include those having from 30 to 150 pores per inch (12 to 60 pores per centimeter). Further, 
alternative forms for the catalyst include refractory oxide honeycomb nnonolith structures. 
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In a preferred embodiment of the process of this Invention, the feed is contacted with a catalyst retained 
in a fixed arrangement, which arrangement has a high tortuosity. The term "tortuosity" is a common term in 
the art which, when referring to a fixed catalyst bed, can be defined as the ratio of the length of the path taken 
by a gas flowing through the bed to the length of the shortest straight line path through the bed. Thus, the 

5 honeycomb monolith structures have a tortuosity of 1.0. For the purposes of the present invention, the term 
"high tortuosity* is a reference to arrangements having a tortuosity substantially greater than that of the hon- 
eycomb monolith structures, in particular a tortuosity of at least 1.1 . AfUed bed of catalyst particles typically 
has a tortuosity of 1 .5, whilst ceramic foams may be prepared having a tortuosity in the range of from 3.0 to 
4.0, or even higher. In general, the tortuosity of the fixed bed anrangement is preferably in the range of from 

10 1 .1 to 1 0.0, more preferably to 5.0. A most suitable range of tortuosity is from 1 .3 to 4.0. 

It has been found that by employing the catalyst in a fixed bed arrangement having a high tortuosity allows 
the required conversion to be achieved with only a relatively very short contact time t>etween the reacting gases 
and the catalyst. In this way. only a very low volume of catalyst Is required, which in turn allows the very high 
gas space velocities of the present process to be easily achieved on a commercial scale. 

IS The feed is preferably contacted with the catalyst under ad iabatic conditions. For the purposes of this spec- 

ification, the term "adiabatic" is a reference to reaction conditions in which substantially all heat loss and ra- 
diation from the reaction zone is prevented, with the exception of heat leaving In the gaseous effluent stream 
of the reactor. 

In a further aspect, the present invention relates to cart)on monoxide and/or hydrogen whenever prepared 
20 by a process as hereinbefore described. 

The mixture of carbon monoxide and hydrogen prepared by the process of this Invention is particularly 
suitable for use in the synthesis of hydrocartx^ns. for example by means of the Fischer-Tropsch synthesis, or 
the synthesis of oxygenates, for example methanol. Processes for the conversion of the mixture of carbon mon- 
oxide and hydrogen into such products are well icnown in the art 
25 The process of the present invention is further described by way of the following Illustrative example. 

Example 1 

Catalyst Preparation 

30 

An aqueous solution was prepared by dissolving rhodium chloride (RhCIa, 2.0 g) and hydrochloric acid 
(37%, 1.0 g) in demtneralised water (6.83 g) to give a rhodium concentration of 10% by weight Alpha alumina 
extrudates (commercially available ex. Engelhard, crushed to 30/80 mesh size, 1 0.0 g) were Immersed In the 
aforementioned solution (5.33 g). The resulting mixture was agitated firstly on a rolling mill for 1 hour and there- 
3S after in a rotary drier for 1 hour. The resulting material was dried in an oven by heating for 1 hour and being 
held at a temperature of 120 for 5 hours and suk^sequently calcined by heating for 5 hours and being held 
at a temperature of 500 ^'C for 1 hour. The resulting catalyst comprised 5.0% by weight rhodium. 

Catalytic Partial Oxidation 

40 

A reactor was constructed comprising a transparent sapphire tube mounted concentrically within an outer 
transparent polycarbonate tube. The rhodium-containing catalyst prepared as hereinbefore described was 
loaded into the sapphire tube and retained in the form of a fixed bed of catalyst particles having a tortuosity 
of about 1.5. Methane, oxygen and carbon dioxide were thoroughly mbced before being introduced into the re- 

45 actor to contact the fixed bed of catalyst The concentration of carbon dioxide in the feed was varied to give a 
total of four different feed compositions, whilst Iceeping the operating pressure and gas hourly space velocity 
(GHSV) of the experiment constant The composition of the gas mixture leaving the reactor was measured for 
each of the four feed compositions. 

The operating temperature of the catalyst bed was measured by optical pyrometry. The composition of 

50 the gas mixture leaving the reactor was measured by gas chromatography. The conversion and the selectivity 
of the process to cartx}n monoxide and hydrogen (on the basis of methane converted) was determined. The 
operating conditions of the reactor and the results of the experiment are summarised in the Table hereinbelow. 

From the data presented in the Table, it can be seen that the process of the present invention allows hy- 
drocartx)n feeds comprising cart>on dioxide to be converted in high yields and with high selectivities to txith 

55 carbon monoxide and hydrogen. It can be seen that a high level of carbon dioxide conversion is achieved. This 
in turn results in the significant advantage that less carbon dioxide is present in the product stream of the proc- 
ess, which carbon dioxide would be an undesirable inert component in the further conversion of the carbon 
monoxide and hydrogen in such processes as the Fischer-Tropsch synthesis. 
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Table 



Operating Conditions 

5 

Temperature (*C) 
Pressure (bara) 
GHSV (1000 Nl/kg/hr) 

10 



Feed Composition 



15 



20 



25 



Oxygen (% vol) 


38,3 


37.5 


37.6 


37.3 


36.9 


Methane (% vol) 


61,7 


60.9 


60.5 


60.2 


59.6 


Carbon Dioxide (ft vol) 


0.0 


1.3 


1.9 


2.5 


3,6 


Oxygen-to-Carbon ratio 


1.24 


1,25 


1.26 


1.27 


1.28 


Conversion (%) 












Methane 


96.2 


96.0 


95.9 


95.8 


95.6 


Carbon Dioxide 

1 




48.9 


49.3 


50.4 


50.6 


Selectivity (%) 












Carbon Monoxide 


92.3 


91.3 


90.8 


90.1 


89.5 


Hydrogen 


92.3 


91.3 


90.8 


90.2 


89.9 



Selectivity to carbon monoxide and hydrogen based on methane 
conversion. 



1050 
3.2 
1700 



35 

Claims 

1 . A process for the preparation of cartxin monoxide and hydrogen by the partial oxidation of a hydrocartxin . 
which process comprises contacting a feed comprising the hydrocarbon, carbon dioxide and an oxygen- 

40 containing gas with a catalyst comprising a metal selected from Group VIII of the Periodic Table of the 

Elements at a gas hourly space velocity of at least 500,000 Nl/kg/hr. 

2. A process according to daim 1, characterised in that the hydrocarbon is methane or present as natural 
gas, associated gas, or other source of light hydrocarbons. 

45 

3. A process according to either of dainns 1 or 2, characterised in that cartK>n dioxide is present in the feed 
in a concentration of up to 50% by volume, preferably up to 30% by volume, more preferably up to 25% 
by volunr>e. espedally up to 10% by volume. 

^ 4. A process according to any preceding daim. characterised in that the oxygen-containing gas is substan- 
tially pure oxygen. 

5. A process according to any preceding daim, characterised in that the feed comprises the hydrocart>on, 
carbon dioxide and the oxygen-containing gas In concentrations sufficient to give an oxygen-tD-cart)on 
ratio in the range of from 0.9 to 1 .6, preferably from 0.9 to 1 .5, more preferably from 0.9 to 1 .4, especially 
from 0.9 to 1.3. 

6. A process according to any preceding daim. characterised in that the feed is contacted with the catalyst 



6 



EP 0 645 344 A1 



10 



15 



40 



45 



50 



55 



at a pressure of up to 150 bara. preferably a pressure in the range of from 2 to 125 bara, more preferably 
from 2 to 100 bara. 

7. A process according to any preceding claim, characterised in that the feed is contacted with the catalyst 
at a temperature greater than 800 °C, preferably at a temperature in the range of from 900 to 1400 ""C, 
more preferably from 1000 to 1 300 ^'C. 

8. A process according to any preceding claim, characterised In that the feed is contacted with the catalyst 
at a gas hourly space velocity in the range of from 500,000 to 50.000,000 Nl/kg/hr. preferably from 750.000 
to 30.000.000 Nl/lcg/hr. more preferably from 1.000.000 Nl/kg/hr to 20,000. 000 Nl/kg/hr. 

9. A process according to any preceding daim, characterised in that the catalyst comprises a metal selected 
from ruthenium, rhodium, palladium, osmium, iridium and platinum, preferably a metal selected from ru- 
thenium, rhodium or iridium. 

10. A process according to any preceding daim, characterised in that the catalyst is retained in a fixed ar- 
rangement 



11. A process according to daim 10, characterised in that the catalyst is retained in a fixed arrangement having 
a high tortuosity, preferably in the range of from 1.1 to 10.0, more preferably from 1.1 to 5.0, especially 

20 from 1.3 to 4.0. 

12. A process according to either of daims 1 0 or 1 1 . characterised In that the catalyst is in the form of partides 
or a ceramic foam. 

25 13. A process according to any preceding daim, characterised in that the feed is contacted with the catalyst 
under adiabatic conditk)ns. 

14. Carbon monoxide or hydrogen whenever prepared by a process as claimed in any preceding daim. 

30 



35 
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